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Measuring Lagrangian parameters at the LHC
Fittino

Measuring Lagrangian parameters at the LHC: not trivial

» almost every SUSY contribution to experimental measurement
depends on many unknown SUSY-breaking parameters

» to get anywhere, use reduced, (over-)simplified set of SUSY
Lagrangian parameters

» here: the minimal supergravity-inspired Constrained Minimal
Supersymmetric Standard Model

» common GUT-scale scalar mass M

» common GUT-scale gaugino mass M,

» common GUT-scale scalar trilinear coupling Ag
» ratio of Higgs vacuum expectation values tan g3
» sign of Higgs doublet mixing parameter p/|u|

» large amount of observables depending on masses and mixing
angles in non-trivial ways — set of GUT-scale parameters: very
difficult
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Measuring Lagrangian parameters at the LHC
Fittino

Fittino

Fittino: publically-available program by Philip Bechtle, Klaus
Desch and Peter Wienemann (http://www-flc.desy.de/fittino/)
(Fittino 2.0 coming soon!)

» Explores SUSY parameter space (simulated annealing or
Markov chain)

» can explore LHC-scale Lagrangian parameter space or
GUT-scale (uses SPheno to run from one scale to the
other)

» Calculates x? for each point visited based on supplied
observables

» Eventually distills down to a value for the Lagrangian
parameters (low scale or high scale) with errors
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Best fit for CMSSM without LHC data
Spectrum at best fit point without LHC data

Best fit for CMSSM without LHC data
Expectations were high for early LHC discovery of SUSY: using just

-L'sus?“

2D 95% CL no LHC
1D 68% CL no LHC

» low energy
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» LEP precision 5 r
observables oo

» dark matter oE
200~
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relatively light sparticle spectrum gave best fit
(P. Bechtle, K. Desch, M. Uhlenbrock and P. Wienemann,
Eur. Phys. J. C 66 (2010) 215 [arXiv:0907.2589 [hep-ph]])
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Best fit for CMSSM without LHC data
Spectrum at best fit point without LHC data

Spectrum at best fit point without LHC data
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Spectrum range without LHC data

Best fit for CMSSM without LHC data
Spectrum at best fit point without LHC data
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Best fit with recent LHC data (35/pb)

P. Bechtle, B. Sarrazin, K. Desch, H. K. Dreiner, P. Wienemann,
M. Kramer, C. Robens, B. O’'L., Phys. Rev. D84 (2011) 011701.
[arXiv:1102.4693 [hep-ph]]



Fittino best fit with 35/pb exclusions
Spectrum at best fit point after 35/pb
Comparison with other groups

Fittino best fit with 35/pb exclusions
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Fittino best fit with 35/pb exclusions
Spectrum at best fit point after 35/pb
Comparison with other groups

Spectrum at best fit point after 35/pb
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Fittino best fit with 35/pb exclusions
Spectrum at best fit point after 35/pb
Comparison with other groups

Spectrum range after 35/pb

| Mass Spectrum of SUSY Particles 35pb ™

1600 B o Environment
- 20 Environment

Best Fit Value

1400

1200
1000
800
600

Particle Mass [GeV]

400
200

ol L 1 111
hoAOHOHXOXOXOXOXX 1[—‘llquqbb t t g

23412

Bechtle, Desch, Dreiner, Krimer, O’Leary, Robens, Sarrazin, Wienemann SUSY2011, 30/08/2011 8/16



Introduction
Best fit pre-LHC
Best fit with recent LHC data (35/pb)
Best fits with current (1/fb) and potential future (2/fb, 7/fb) LHC exclusion
Summary and Outlook

Comparison with other groups
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O. Buchmueller et al., arXiv:1106.2529
[hep-ph]
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Fittino best fit with 35/pb exclusions
Spectrum at best fit point after 35/pb
Comparison with other groups
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Best fits with current (1/fb) and potential
future (2/fb, 7/fb) LHC exclusion

P. Bechtle, B. Sarrazin, K. Desch, H. K. Dreiner, P. Wienemann,
M. Kramer, C. Robens, B. O'L., Phys. Rev. D84 (2011) 011701.
[arXiv:1102.4693 [hep-ph]] (in case you had forgotten)



Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Fittino best fits with 1/fb, 2/fb, 7/fb exclusions - Mo, My >
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Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Fittino best fits with 1/fb, 2/fb, 7/fb exclusions - tan 3, Ag
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Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Fittino best fits with 1/fb, 2/fb, 7/fb exclusions - myo, myo
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Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Best fit points with 1/fb, 2/fb, 7/fb exclusions
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Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Spectrum at best fit point after 1/fb
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Fittino best fits with 1/fb, 2/fb, 7/fb exclusions
Best fit points with 1/fb, 2/fb, 7/fb exclusions

Spectrum range after 1/fb
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Summary and Outlook

Summary:
» mMSUGRA-style CMSSM Lagrangian parameters can be
measured
» LHC exclusion limits can be incorporated

» Mo, My 5 increase because of LHC, tan 3, Ag increase to
compensate for (g — 2),

» tension is building, but “CMSSM still not a bad fit”
Outlook:

» further exclusion — worse x?/ d.o.f.

» 2/fb and even 7/fb may not be very conclusive, may need to
go to much higher integrated luminosities to convincingly rule
out mSUGRA-style CMSSM
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Used observables 1
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Used observables 2

obs. val. stat. syst
BR(B — sv)/BR(B — sy)* 1.117 40.076 40.096
(Amg, /AmE") 111 4001  +0.32
BR(B — v)/BR(B — mv)™ 1.15  40.40

BR(Bs — Xs£0)/BR(Bs — Xs£0)>™ 099  £0.32
BR(K — uv)/BR(K — )™M 1.008 +0.014

= 24 — 4 = 20 degrees of freedom (4 CMSSM parameters)
+1 for LHC exclusion



Spectrum range after 7/fb
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